A drought is a multi-dimensional event characterized by changes in the atmospheric and land conditions. Hence, monitoring a single drought indicator may be insufficient for water management.
INTRODUCTION
Droughts are an exceptional lack of water compared with normal conditions (Van Loon et al. a, b) . They differ from other climatic events in that they have a slow onset, evolve over months or even years, affect a large spatial region, and cause little structural damage (Wilhite et al. ) . By an increased risk of hydrometeorological disasters (Li et al. a; Ling et al. ) , more than half of the 22 million deaths associated with natural hazards across the globe from 1900 to 2004 were due to drought (Below et al. ) . Up to 60 million people in central and However, PDSI has a few limitations, including low response in detecting the onset of drought events, unclear temporal scale (Rajsekhar et al. ) , high sensitivity to temperature, and an autoregressive characteristic (Mishra & Singh ) .
The surface water supply index (SWSI) is an integrated drought measure which accounts for reservoir storage, streamflow, snow pack, and precipitation (Wilhite & Glantz ) and is formulated as a rescaled weighted sum of nonexceedance probabilities of four hydrologic components. It is an indicator of available water (AW) in mountain-water-dependent basins (Shafer & Dezman ) . The SWSI is an appropriate measure/metric of hydrological drought for regions where snow contributes significantly to the annual streamflow (Keyantash & Dracup ) . However, it has some shortcomings: (1) lack of a general agreement over the definition of surface water supply components; (2) variation of weights by district and month result in different statistical properties across space and time; and (3) the hydroclimatic differences that characterize river basins prevent SWSIs from having the same meaning and significance in different areas and times (Doesken et al. ; Heim ) . Choice of an improper probability distribution to calculate SDI may lead to spatially or temporally inconsistent drought severity statistics (Farahmand & AghaKouchak ) .
Previous studies have argued no single index can describe all aspects of droughts, and that a multi-index approach is needed for operational drought monitoring and prediction (Hao & (1) potential meteorological water budget: precipitation (P) and PET; and (2) AW: runoff/streamflow (R/S), surface storage (SS), and groundwater storage (GS); thus accounting for all the major elements in the water balance. To derive the composite HDI, a standardized nonparametric approach is used, which does not require parameter estimation or any a priori assumption on the underlying distribution function of the original data. The model offers the overall water supply status to be assessed, including the anthropogenic effects leading to a decrease in water availability.
With this introduction complete, the methodology is described. This section is followed by the data and study 
METHODS
The atmospheric processes are the starting point of drought propagation. A prolonged lack of precipitation (P) possibly coexisting with high PET leads to a meteorological drought.
It is necessary not only to account for atmospheric conditions such as P, but also to account for any potential atmospheric conditions that may affect drought severity, such as temperature (Stagge et al. ) . PET may increase due to high radiation, wind speed, or vapor pressure deficit caused by high temperature. The difference between P and PET represents a simple climatic water balance (Thornthwaite ) that calculates the potential meteorological water budget. This provides a more reliable measure of drought severity compared to when only P is considered (Beguería et al. ) .
When a meteorological drought induces a deficit in soil moisture, an agricultural drought develops (Nam et al. ) .
Depletion of soil moisture storage depends on factors such as prior moisture status, precipitation, drainage to groundwater, and ET rate (Van Loon ). During a dry spell, continuous P deficit may lead to a hydrologic drought that is defined by below-normal water availability (Sung & Chung ) . Soil moisture drought results in groundwater inputs reduction, which in turn, causes declining groundwater levels and decreasing groundwater discharge to the surface water system. This can be defined as groundwater drought. P decline naturally results in runoff reduction and consequently less surface water and GSs. These processes indicate the propagation of the drought signal as it moves through the terrestrial part of the hydrologic cycle (Van Loon ).
Hydrological drought is defined as the magnitude of the above-mentioned hydrological variables falling below a certain threshold, such as long-term mean streamflow or groundwater levels (deficiency in bulk water availability).
Note that the hydrological responses normally appear with delay to P deficiencies in a basin (Kalamaras et al. ) .
Therefore, not all meteorological droughts will trigger a hydrological drought, because reservoirs can supply water for short periods. To capture hydrological drought, R/S, SS, and GS can collectively characterize all related sub-systems for drought assessment, and they can be a quantity of water that is available for direct use, possibly after regu- accounts for the 'available water' for the month i, i.e., To cope with the above-mentioned challenge, this paper applies a nonparametric methodology to handle different meteorological and hydrological variables without the necessity of having representative parametric distributions.
This can be very useful, especially in the case of multiple drought indicators (e.g., Nijssen et al. ). As a natural extension of the SI, an empirical probability can be used to derive a nonparametric SI instead of any parametric distribution function. In the original SPI, the cumulative probability distribution of precipitation is described using a two-parameter gamma probability function and parameter estimation, which is then transformed using the inverse of by Hao & AghaKouchak () , is used to derive the univariate probability as follows (Gringorten ):
where i is the rank of the observed values in descending order, n is the number of observations, and p(x i ) is the corresponding empirical probability of variable X which denotes each one of P, D, SS, etc., at a specific time scale (e.g., 1 month or 6 months). The outputs can be transformed into SI as:
where φ is the standard normal distribution function. To ease the calculations, it is also possible to standardize the percentiles using the commonly used approximation of SI where p r is the joint probability of X and Y (e.g., climatic
water balance and AW). The empirical joint probability can be estimated using the multivariate model of the Gringorten plotting position (Yue et al. ) by having the joint probability of two (or more) variables:
where m k is the number of occurrences of the pair (x i , y i ) for 
